Abstract: Zinc oxide nanoparticles (ZnONPs), multiwalled carbon nanotubes (MWCNTs) and 1,4-benzoquinone (BQ) dispersed in chitosan (CS) matrix were used to construct a xanthine biosensor. Xanthine oxidase (XOx) was immobilized onto BQ-MWCNTs-ZnO-CS composite modified glassy carbon electrode (GCE) using glutaraldehyde as the crosslinking agent. The parameters of the construction process and the experimental variables for the biosensor were optimized. The xanthine biosensor showed optimum response within 10 s, and the sensitivity was 39.4 μA/mMcm 2 at +0.25 V (vs. Ag/AgCl). The linear working range of the biosensor was found to be 9.0×10 −7
INTRODUCTION
Xanthine concentration in biological fluids is used as an index for the diagnosis of various disorders such as xanthinuria, renal failure and gout. Moreover, xanthine attracted much attention as a marker for estimating the meat freshness in food industry (1) . Therefore, direct, rapid, accurate and low cost measurement of xanthine in samples is of great interest in clinical analysis and food industry.
Electrochemical enzyme electrodes that combine the sensitivity of electroanalytical methods with the bioselectivity of the enzyme are promising alternatives for sensitive, specific and rapid determination of xanthine (2) .
Carbon nanotubes (CNTs) have been widely used in biosensor applications due to their unique properties such as high electrocatalytic effect, large surface area, mechanical strength, chemical stability, strong adsorption ability and biocompatibility (3, 4) . Nowadays, the modification of CNTs with other nanomaterials such as metal or metal oxide nanoparticles (MONPs) is of great importance since the composite materials possess characteristics of the individual constituents and have favorable synergistic effects (5, 6) . It is well known that ZnO is a semiconductor with band gap of 3.37 eV and has some beneficial electronic and optical properties. ZnO nanoparticles also have potential in biosensing applications because of their unusual features including rapid electron transfer ability, chemical stability, biocompatibility, large surface area, high catalytic efficiency, non-toxicity, and strong adsorption ability (7, 8) . ZnONPs and MWCNTs composite has already used in fabricating biosensors. Wang et al., reported the development of a lactate biosensor based on the synergistic action of MWCNTs and ZnONPs (9) . Palanisamy et al., immobilized hemoglobin at MWCNTs/ZnO composite modified GCE to develop an amperometric biosensor for H2O2 determination (7). Haghighi and Bozorgzadeh decorated ZnONPs on MWCNTs to construct an electrochemiluminescence lactate biosensor (10). Ma and Tian fabricated a hemoglobin biosensor based on ZnO coated MWCNTs and nafion composite and studied the direct electron transfer and electrocatalysis of hemoglobin (11).
Zhang et al., reported a ZnO/MWCNTs/CS nanocomposite based electrochemical DNA biosensor (12).
Hu et al., constructed a glucose biosensor based on ZnO nanoparticle and MWCNTs modified GCE and investigated the direct electron transfer of glucose oxidase enzyme (13) .
The catalytic oxidation of xanthine in the presence of XOx enzyme takes place according to the following equation:
Electrooxidation of H2O2 generated by the enzymatic reaction is widely used for the amperometric determination of xanthine (14) . High potentials used for the electrooxidation of H2O2 make the electrode sensitive to common interferences. The use of artificial electron transfer mediators including Prussian blue, colloidal gold, ferrocene and its derivatives, cobalt phthalocyanine and ferricyanide to eliminate the influence of interferences is a common approach in xanthine enzyme electrodes (15, 16, 17, 18) .
Herein, we report a novel biosensor based on MWCNTs, ZnONPs and BQ composite. Such composite is expected to give enhanced response characteristics towards xanthine due to the synergic action of its components. Moreover, the use of BQ is expected to provide an interference free biosensor by lowering the operating potential. To the best of our knowledge, no study has yet been published based on the MWCNTs, ZnONPs and BQ composite for the amperometric detection of xanthine.
MATERIALS AND METHODS

Reagents
XOx from Microbial source, ZnONPs (<100 nm particle size (TEM)), K3Fe(CN)6, K4Fe(CN)6.3H2O, uric acid, sodium dihydrogen phosphate dihydrate, glutaraldehyde, disodium hydrogen phosphate dihydrate, Nafion, sodium benzoate, creatine, caffeine, theophylline and ascorbic acid were obtained from Sigma (St. Louis, MO, USA). Xanthine, BQ and glucose were purchased from Fluka (Buchs, 
Enzyme Electrode Preparation
In this study, modified and unmodified GCEs were used as working electrodes. GCE was polished according to the procedure reported elsewhere (19) . 0.50 g CS was dissolved in 50. Operating potential is another critical parameter for biosensor response and selectivity. The amperometric response of the xanthine biosensor to 0.05 mM xanthine was measured at different operating potentials between (+0.10)(+0.30) V. This potential range was selected due to the oxidation and reduction peaks of BQ ( Figure 2B ). The highest biosensor response was recorded at +0.25 V (data not shown). Therefore, all further measurements were performed at +0.25 V.
In this study, we have used BQ as the artificial electron transfer mediator in order to minimize the effects of common interfering substances normally present in real samples. The purposed response mechanism for the XOx/BQ-MWCNTs-ZnO-CS/GCE can be illustrated as follows: The effect of pH on biosensor response was studied in the pH range of 6.0-8.5 in the presence of 0.05 mM xanthine. Figure 5 shows that the optimum response current was obtained at pH 7.5, and this pH was selected as the optimum pH. This value is compatible with the pH values reported for the previous xanthine biosensors (25) (26) (27) . 
Analytical characteristics
The amperometric response of the biosensor to successive injection of xanthine was studied. The biosensor showed a fast response to xanthine and achieved 95% of steady current within 10 s. The relationship between response current (μA) and xanthine concentration was linear from 9.0×10 
Analysis of meat samples
To evaluate the possible analytical application of the xanthine biosensor, the variation of xanthine content in meat samples with storage time was investigated.
For this purpose, chicken meat was chopped and homogenized. This homogenate was then portioned into five equal parts. One of these parts was then mechanically stirred for 45 min in 20 mL of deionized water for xanthine extration and then centrifuged at 4000 rpm for 10 min. This homogenate was filtered through a Whatman filter membrane. The filtrate was diluted to 25.0 mL with deionized water.
The same sample preparation route was applied to the other meat sample (beef). To study the effect of storage time on freshness of meat, the other parts were stored at +4°C up to 9 days and the samples were analyzed for xanthine concentration every 2 days. The xanthine concentration in chicken and beef meat were measured by the purposed biosensor at different storage times ranging from 1 to 9 days using the standard addition method. Aliquots of standard xanthine solution was added to several portions of the chicken and beef meat extracts, to obtain a multiple addition calibration curve.
Xanthine concentration in chicken and beef meat extracts calculated from the calibration curves were 0.36±0.01 and 0.47±0.01 mg L -1 (n=3) on the first day, respectively. 1.1×10 −4 M), and low detection limit (2.1×10 -7 M). Moreover, the biosensor showed good selectivity due to the low operating potential. In conclusion, the presented biosensor can be utilized to detect the xanthine content in chicken and beef samples for the evaluation of meat freshness.
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